In cephalopods, males transfer sperm to females via a very complex process. Males 1 package sperm in transparent sheaths to form spermatophores that are stored internally 2 in Needham's Sac. Spermatophores are extruded from the internal terminal organ and 3 exit the mantle through the funnel. Although some squid taxa lack the structure, many 4 squids transfer spermatophores to females using an arm specialized to grab the 5 spermatophores, called the hectocotylus (Drew, 1911; Hanlon & Messenger, 1996) .
6
During transfer to females, the spermatophore undergoes the spermatophoric reaction to 7 release a spermatangium which is a sac that contains a sperm mass with a cement body 8 at one end (Hanlon & Messenger, 1996; Marian, 2012) . The spermatangium is attached 9 to the female body by the cement body.
10
Some decabrachians species, such as Austrossia australis Berry, (1918), Sepiola 11 aurantiaca Jatta, (1896), and Rossia pacifica Berry, (1911), have two mirror-image 12 hectocotyli (e.g., both left and right arms I are hectocotylised in the same manner in 13 male R. pacifica) (Okutani, 2005 (Fig. 1A, B) .
16
The left hectocotylus has two flaps at its tip (Fig. 1C) ; the right hectocotylus has fleshy 17 ridges on its aboral side (Fig. 1D) . Males pass spermatophores to females via the left 18 3 hectocotylus in I. paradoxus Ortmann, (1881) (Kasugai, 2000) . Males also insert their 19 right hectocotylus into the arm crown of the female during copulation (Kasugai, 20 unpublished data), but the role of the right hectocotylus is unknown. In some cuttlefish 21 species, males are reported to use their arms to remove/scrape out spermatangia 22 attached by rival males (Wada et al., 2005 (Wada et al., , 2006 (Wada et al., , 2010 .
23
In the present study, we recorded the copulatory behaviour of I. paradoxus using a 24 high-speed camera. We observed the entire process of sperm transfer to examine the 25 role of the right hectocotylus during copulation.
26
Pygmy squids were collected from small stocks of the seagrass Zostera marina in 27 the nearshore waters of the Chita Peninsula, central Honshu, Japan (34°43'N, 136°58'E).
28
Mature pygmy squids were collected using a small drag net (1 × 2 m, mesh size: 1. 139°44'E). Pygmy squids were maintained in two aquaria (24 × 19 × 27 cm) with a 32 closed circulation system. Seagrasses were planted on the sand at the aquarium bottom 33 to squids could adhere. Two males and two females were introduced into each aquarium.
34
Their sex can be readily confirmed by the presence white testis in males and ripe eggs, 
38
Video recording was started a day after introducing pygmy squids to aquariums.
39
Copulation was recorded using a high-speed camera (Photron, Fastcam SA2) fitted with (Fig. 2B) : the spermatophores were conveyed to the site to which the tip of the right 60 hectocotylus pointed (Fig. 2C) . The outer case of the spermatophore was extruded while hectocotylus was again on standby near the funnel opening (Fig. 2D) . A period of 0.87 ± 66 0.58 s (n = 11) passed until the next spermatophore ejaculation occurred.
67
Spermatophore transfer occurred 2.57 times (range = 2 -3; n = 7) per copulation on 68 average. The mean number of spermatophores passed at each transfer was 1.65 (range = 69 1 -3; n = 17). Each time spermatophores were transferred within a copulatory bout, the 70 6 males changed the site toward which the tip of the right hectocotylus was pointed.
71
Mating duration was 4.03 ± 1.51 sec (n = 7). The average number of spermatophores 72 passed to females during the 6 copulatory bouts we could see in their entirety was 4.33
73
(range = 2 -7).
74
The spermatophoric reaction had already occurred in the left hectocotylus, 
